Abstract-This paper demonstrates new circuit and concepts for three phase rectifier using harmonic current injection method. The proposed circuit is using active harmonic current injection method with a capacitor bank which is simple and low cost compared to conventional circuit that using a harmonic current injection method with star-delta transformer. This proposed circuit will reduce the total harmonic distortion which is drawn from input current supply. This will produce the waveform for the input current near to sinusoidal wave. A prototype of the proposed circuit had been developed. The comparison of simulation result and measurement result of the prototype shows good agreement between them. In addition, the THD versus output power of the proposed circuit also had been evaluated and compared with other the conventional circuit that using a harmonic current injection method with star-delta transformer. Finally, this paper will give an overview about a new harmonic current injection method that produce a very low THD of input current.
INTRODUCTION
The three phase bridge rectifier is being increasingly used in power system [1] . These rectifiers which produce a nonperfect treat of the input current that generates a number of obstacles for the power system control and for other electrical systems closed to the rectifier [2] . Plenty of Power-FactorCorrection (PFC) converters have been recommended. PWMbride is one of the proposed three-phase PFC converters which acquire several other operations than just the correction. Examples of such operations are active-filtering and generation, inversion or var-compensation [3] .
On the other hand, the PWM-bridge-scheme in three-phase rectifier requires six self-turn-off-devices in a voltage-fed converter and additionally six Fast-Recovery-Diodes in current-fed-converters. Thus, the conventional PWM-bridge type results a high initial-cost and a low-efficiency. Meanwhile, the PWM-bridge-scheme in the three-phase rectifier needs additionally six Fast-Recovery-Diodes in current-fed-converters and six self-turn-off-devices in a voltage-fed converter. Therefore, the shortcomings of the PWM-bridge type results in a low-efficiency and an initial high cost. One of the most popular PFC methods for three-phase input is using a harmonic current injection method with stardelta transformer current injection network [4] . Figuure1 shows the main circuit of this method, which uses a single leg for the harmonic current injection circuit [4] . This rectifier requires a three-phase diode bridge and two switching. This rectifier can realize lower cost. This circuit use delta-star, with rating of 43% of the convertor output. This paper proposed a circuit which is simple that using active harmonic injection current with a capacitor bank. The circuit has a controller that determines the synchronization of phase and injected proper harmonic waveform to eliminate the harmonic components that lies in the three phase network. A prototype of the proposed circuit had been developed. The simulation result had been verified through comparison with measurement result of the prototype. In addition, the THD versus output power of the proposed circuit also had been evaluated and compared with other the conventional circuit that using a harmonic current injection method with star-delta transformer [4] . The comparison shows that the proposed circuit produced lower THD of input current compared to the conventional circuit. II. MAIN CIRCUIT Figure 2 shows the proposed circuit for three-phase rectifier using harmonic current injection method with capacitor bank. Based on this figure, it used a single leg for the harmonic injection circuit, this rectifier requires a three-phase diode bridge, two transistors S 1 and S 2 in divider leg, a filter reactor maintaining the integrity of the specifications L d , filter capacitor C d and the harmonic current injection network. In order to reduce the total harmonic distortion (THD) of the input currents, the amplitude of the third-harmonic current of the injection network takes from the rectifier output terminals should be equal to 3/4 of the resulted current. The injection current should be in phase with the harmonic component of the rectifier. This resulted terminal voltages at the triple of the line frequency.
III. THREE PHASE BRIDGE RECTIFIER APPLYING ACTIVE CURRENT INJECTION
The current injection technique is used in different papers in order to demand a low harmonic content [5] . The main idea is to feedback the third harmonic demanded by the rectifiers to the ac mains, this injection alleviate the harmonic content. The three phase topologies can be presented with a passive or active network to alleviate the problem as shown in Figure 3 . The proposed circuit used topology of three phase rectifier with active network of current injection. The active network topology does not process all the energy delivered to the load and only one inductor is used which it is operated at high frequency. The controller permits a fast dynamic response to load variations. The proposal circuit used the three phase bridge rectifier with active circuit using two switches transistors. A passive component, depending on field, may be either a component that consumes (but does not produce) energy, or a component that is incapable of power gain. A component that is not passive is called an active component. An electronic circuit consisting entirely of passive components is called a passive circuit (and has the same properties as a passive component).
IV. THE PROPOSED CIRCUIT
The main order is the fifth and the seventh for the total harmonic distortion for the input current, so the main goals for the propose circuit is to reduce the fifth and the seventh order by the switches device for active circuit.
A. Switches device
As shown in Figure 2 , the injection current i h is directly controlled by S 1 and S 2 . The injection current flows depending on the voltage difference between points P or N and point M. Hence, it is possible to control the injection current, since the increase and decrease of the current can be controlled by S 1 and S 2 .
The simulation is carried out using MATLAB software that used 250 Hz and 350 Hz. However, the harmonic component of fifth order is bigger than the harmonic component of seventh order the 250 Hz has been used for the proposed circuit.
B. Design of the LC filter
The LC-filter is applied on the proposed circuit to reduce the harmonic element of the circuit. The output side of the diode bridge is connected in parallel with capacitor, C d and filter reactor L d as shown in Figure 2 . The two elements that influence the input current in LC-filter design are as follows:
• A distortion of the input current can be caused by the phase shift from the LC-filter because the current i a cannot pass through the diode rectifier only in case of the 60 degrees in the half period of the power supply.
• The harmonic component of the transistors frequency remains, the switching frequency f s , is closed to the cutoff frequency f c of the LC-filter. Thus, an efficient low frequency is to be designed for them. On the other hand, a phase shift can be resulted from having a low f c value.
V. SIMULATION RESULT
The proposed circuit is simulated by MATLAB to evaluate the input current. In this simulation, the input current had been investigated under two conditions. The conditions are when the proposed circuit is operated without injection harmonic current and operated with injection harmonic current. Figure 4 shows the simulation result of the input current without injection harmonic current net of the proposed circuit. The physical aspect of the input current roughly showed as square wave due to harmonic components of 2 nd order that affect the input current. The maximum peak of input current is 1.5 A per phase. Figure 5 shows that the input current with injection harmonic current net of the proposed circuit. The nature of the input current shows as sinusoidal wave. This occurs by making the injected current in phase with the harmonic element of the rectifier output terminal voltages at the triple of line frequency. This leads to minimize the total harmonic distortion. The average of maximum peak of input current for this injection harmonic current is about 12 A. The input current with injection harmonic current is higher compared to the input current without injection harmonic current is due to presents of LC filter that subsequently added the input current value for a the same input power. Figure 6 shows THD of the input current versus output power (kW) of conventional circuit using a harmonic current injection method (star-delta transformer) [4] . It illustrates the relation between the input current in THD with the output power of the circuit. It can be seen that the maximum value of THD may occurred at 0.5 kW which is about 13.8 % of the fundamental input current waveform. The minimum value of THD may occur at 1.0 kW which is about 7 % of the fundamental input current waveform. This figure shows that the THD value of the input current waveform is increased when the output power of the circuit is decreased. Figure 7 shows the simulation result of THD of the input current versus output power (kW) of the proposed circuit that using active harmonic current injection method with capacitor bank. It shows that the maximum value of THD may occur at 1.0 kW which is about 7 % of the fundamental input current waveform. The minimum value of THD may occur at 0.5 kW which is about 5 % of the fundamental input current waveform. This figure shows there is an only small significant change of THD value that may occur when the output power of the circuit is increased from 0.5 to 1.0 kW. Therefore, it can be seen that the proposed circuit is very stable in producing sinusoidal waveform that has very low THD. This makes the circuit is useful to be applied as variable and heavy load power supplies application. The proposed circuit in this paper has improved the input current as the THD value is very low compared to conventional circuit using a harmonic current injection method (star-delta transformer) [4] . 
VI. THE EXPERIMENT RESULT
The proposed circuit had been fabricated for verification with the simulation result. Similarly, the input current had been investigated under two conditions. The conditions are when the proposed circuit is operated without injection harmonic current and operated with injection harmonic current. Figure 8 shows the measurement result for the input current without injection of the proposed circuit. It can be seen that the input current is in square wave because the nonlinear nature causing signification of harmonic component which result in the increasing of the distortion. The maximum peak of input current is 1.5 A per phase. By comparing the simulation result as shown in Figure 4 with the measurement result Figure 8 , it shows that both of them have good agreement between them. The shape of the input current waveform of both simulation and measurement shows good similarity. The percentage difference for both input current of simulation and measurement is only about 0.6% Input Current, Figure 9 shows the input current waveform for after active injection harmonic current being applied to the proposed circuit. Based on this figure, it can be observed that the waveform is sinusoidal. The maximum peak of input current is 8 A per phase. In comparison with the simulation result as shown in Figure 5 , the maximum peak of input current is 12 A. The percentage difference for both simulation and measurement is about 3.3%. This may due to losses that may occur in the discrete devices such as the load and the LC filter which produce heat.
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Figure 9. The measurement of input current without injection harmonic current.
V. CONCLUSION
A new circuit of three-phase rectifier using harmonic current injection method has been presented. The technique of this method can outlined by using harmonic current injection net and LC filter. The concepts of the proposed circuit had been discussed. The simulation result of the proposed circuit had been verified through the measurement result. The THD versus output power of the proposed circuit had been compared with other the conventional circuit that using a harmonic current injection method of star-delta transformer. A simple design of the current injection network is presented by the proposed circuit compared to the conventional circuit therefore the main components are diode bridge rectifier, single leg of two switches and LC filter. This makes the proposed circuit is simpler, low cost and more practical.
